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1. Introduction

In the last RAN1 meeting, the following points were agreed on as the starting point for e-mail discussion on LTE-A PDCCH search space size and placement toward RAN1#61 meeting [1].
	· In case of cross-carrier scheduling

· Total search space size is extended beyond Rel-8 size

· For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC 

· The search spaces on the PDCCH CC could be overlapped, consecutive or separate 

· “Overlapped” includes cases where the search spaces can sometimes fully overlap due to the randomization of PDCCH

· FFS whether a UE’s search spaces can be shared in case of same DCI size 

· Other details of how to define the search spaces are FFS


This contribution discusses the size extension to common/UE-specific search spaces.
2. Discussion
2.1. Search space size extension

Common search space

If it is decided in coming RAN1 meetings that either DCI format whose CRC is scrambled with SI-RNTI or DCI formats 3/3A doesn’t include Carrier Indicator Field (CIF), any PDCCH in common search space will only address PDSCH on the same component carrier (CC) as the PDCCH. In this case, the size extension to common search spaces may not be needed. However, in Rel’8/9, common search spaces experience capacity limitation already. To relax the capacity issue, the size extension to common search spaces may be beneficial. For backward compatibility to maintain, release-independent DCI formats mustn’t be mapped on the extended part.
UE-specific per-CC search space
The Rel’8/9 formula determining the location of UE-specific search space doesn’t include CC-related parameters [2]. Each LTE-A UE is allocated only one C-RNTI. And the C-RNTI for an LTE-A UE is common to all the CCs configured to the UE regardless of the number of configured CCs. So multiple UE-specific search spaces from multiple CCs for a CCE aggregation level for a UE can have the same starting position on the logical CCE domain and therefore be overlapped on the CC (“PDCCH carrier”) where the multiple search spaces exist [Figure 1]. The more the DL CCs are scheduled by the PDCCH carrier, the more often the PDCCH blocking occurs on the overlapped search spaces. To decrease the PDCCH blocking occurrence, the size extension to UE-specific search spaces should be beneficial.
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Figure 1  Identical starting position of UE-specific search spaces

An alternative to the size extension to UE-specific per-CC search space is to modify the formula for determination of UE-specific search space location so that it can have CC-related parameters and the starting position of UE-specific search space for a UE for a CCE aggregation level can be different across the CCs configured to the UE [3].
UE-specific single search space

A UE-specific single search space has to accommodate PDCCHs for multiple CCs. It needs to be larger in size than when it only accommodates PDCCHs for a single CC. So the size extension to UE-specific single search space for multiple CCs is needed.
2.2. Extension size

The extension size for common search spaces may be configured by a higher layer.

The extension size for a UE-specific search space can be connected to the maximum number of DL CCs which can be simultaneously scheduled by the CC (PDCCH carrier) having the search space.
3. Conclusion

The size extension to common search space may be beneficial from the viewpoint of relaxation of capacity limitation which is seen in Rel’8/9.
In case of cross-carrier scheduling, the size extension to UE-specific per-CC search space is needed unless the Rel’8/9 formula for search space location determination is modified. The extension size for a UE-specific per-CC search space can be associated with the maximum number of DL CCs which can be scheduled at the same time by the CC (PDCCH carrier) having the search space. 
A UE-specific single search space for multiple DL CCs, if specified, may benefit from its size extension.
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